Introduction
Semantic memory is a system which processes, stores and retrieves information about the meaning of words, objects, facts and concepts. However, impairments of semantic memory may be confined to one domain of knowledge. Comprehension of the meaning of words may be gravely impaired in patients whose cognitive skills are otherwise relatively preserved.
The selective impairment of semantic memory was first described in three patients with cortical degenerative conditions (Warrington, 1975) . It was observed that their knowledge of word meanings was markedly compromised; although they were able to express themselves fluently and lucidly, using appropriate syntax, within the limitations imposed by their impoverished vocabulary. Their word comprehension deficit was characterized by robust frequency effects, such that all but the most common words had become unfamiliar. This loss of word meaning did not appear to be © Oxford University Press 1996 an absolute deficit, partial comprehension of words with the relative preservation of superordinate information was documented. It was also observed that they appeared to have a stable, albeit depleted, vocabulary. This consistency of word specific knowledge over time was formally documented in one of these patients (Coughlan and Warrington, 1981) . A stable, frequency dependent, item specific, word comprehension impairment, preserving the superordinate knowledge, was observed in these patients. Thus a semantic storage deficit in which there has been a degradation of the semantic representations has been proposed to account for this pattern of performance.
Semantic storage deficits have now been observed in numerous investigations of patients with a variety of cortical degenerative conditions and in patients recovering from herpes encephalitis. For example, Chertkow and Bub (1990) reported consistency and partial knowledge effects in 10 Alzheimer patients. This finding was replicated by Hodges et al. (1992A) in a larger sample of patients with dementia of the Alzheimer type. Warrington and Shallice (1984) documented frequency, consistency and partial knowledge effects in two patients recovering from herpes simplex encephalitis (for review, see McKenna and Warrington, 1993) .
Semantic storage deficits have been contrasted with what have been termed 'access' deficits, the temporary unavailability of stored representations. An access disorder was first identified in a patient with severe acquired dyslexia on the grounds that from trial to trial his ability to read aloud single words was very inconsistent (Warrington and Shallice, 1979) . Indeed, it was speculated that given time an intact reading vocabulary would be elicited! In this patient and in one further dyslexic patient (Warrington, 1981 ) the effects of word frequency were weak and evidence of partial word knowledge inconclusive.
Subsequently, the concept of an access disorder has been applied entirely to the spoken word comprehension of some global dysphasic patients. The first patient described as an 'access dysphasic' (V.E.R.) who had gravely impaired word comprehension, was investigated using word-picture matching tests (Warrington and McCarthy, 1983) . In this case the temporary unavailability of semantic information was documented more directly: the crucial finding was the importance of temporal parameters. Thus her performance was strongly affected by presentation rate. By introducing a delay as short as 10 s after a response her performance improved significantly. In addition, her performance for any given stimulus was inconsistent from trial to trial and there was a serial position effect such that there was a decrement in her performance with a second probe of a stimulus item. The concept of refractoriness was formulated to account for the temporary unavailability of semantic information. Refractoriness was operationally defined as 'the reduction in the ability to utilize the system for a period of time following activation' (Warrington and McCarthy, 1983, p. 874) . This concept provided a basis for interpreting these empirical observations of rate effects and inconsistency. A further characteristic of the patients' performance was a semantic relatedness effect such that there was a decrement in performance with stimulus arrays that were semantically close. It was suggested that the semantic relatedness effect could be accounted for by a gradient of refractoriness within a semantic field. The rate of presentation, inconsistency and semantic relatedness effects were replicated and extended in a second case (Y.O.T.; Warrington and McCarthy, 1987) .
Word frequency effects are ubiquitous in language disorders and strongly affect performance in semantic storage cases (Schuell et al., 1961; Poeck et al., 1973) . Hints of an absence of a frequency effect was reported in a globally dysphasic (M.E.D.; McNeil et al, 1994) . This absence of a frequency effect was formally documented in a second case (H.E.C.; Cipolotti and Warrington, 1996) in which all the hallmarks of an access dysphasia were documented. This absence or attenuation of frequency effects was unexpected.
Cueing or priming effects have not yet been considered in the context of an 'access dysphasia'. Of the four 'access' dysphasic patients studied to date, three had a vascular aetiology McCarthy, 1983, 1987; Cipolotti and Warrington, 1995) and one was a tumour case (McNeil et al., 1995) .
In summary, a number of empirical criteria have been observed to distinguish between deficits of semantic storage and semantic access in dysphasic patients. These are (i) presentation rate, (ii) consistency, (iii) frequency and (iv) semantic relatedness. These distinguishing criteria are not, it has been argued, an arbitrary list but can be encompassed by the refractoriness hypothesis to provide a unitary account of access dysphasia. Thus, refractoriness was formalized as an impairment which delays the return, following activation, of a set of representations that underpin a word, to a 'ready' state. This change was assumed to be temporary and perhaps even sporadic and will result in a reduction of the efficiency of the system for some time following activation (Cipolotti and Warrington, 1995) .
The proposed distinction between access and storage deficits has been challenged (Humphreys et al., 1988; Rapp and Caramazza, 1993) . In particular, Rapp and Caramazza have criticized both the theoretical and empirical validity of the distinction. From a theoretical point of view, they argued that the access-storage proposal was not presented in the context of a 'fully-worked-out theory'. This, they suggest, prevents the possibility of evaluating 'the putatively relevant evidence'. They have also demonstrated elegantly that each of the single criteria could be conceptualized, according to different theories, in a manner that contradicted the inferences engaged by Warrington and colleagues. The authors also suggested that the empirical basis of the access-storage distinction was not robust. They argued that because not all of the patients have been tested on all of the relevant criteria it is not possible to know whether the refractory hypothesis is indeed a unifying concept. They therefore claim that the two patterns of impairments are not clear-cut and did not represent a '. . . phenomenon in search of an explanation . . . that may have provided constraints on the theories that could be invoked to account for such phenomena . . .' (Rapp and Caramazza, 1993, p. 133 ).
Rapp and Caramazza's analysis of access and storage impairments did bring to light a potential empirical weakness. Some effects claimed to be relevant only for access impairments have never, in fact, been assessed in patients held to have a storage deficit. For example, rate of presentation has never been manipulated in a semantic storage case. In addition, the methods used to assess word comprehension have been rarely comparable in the two types of deficit, particularly with regard to semantic relatedness. In this context it may be inappropriate to compare performance on word-picture matching tests that are commonly used to investigate access dysphasia with verbal definition tasks that are more often used in semantic storage cases. Analyses of consistency also have not been comparable in these two types of impairments. Thus, the four criteria held to differentiate access and storage deficits still require full empirical substantiation.
The aim of the present study was to investigate word comprehension deficits observed in patients with cortical degenerative conditions using identical procedures that have previously been used to assess access dysphasia. We report a series of experiments using word-picture matching procedures to assess the effects of rate of presentation, word frequency, semantic relatedness and consistency in four degenerative cases and two access dysphasics. We will demonstrate that these effects are important for differentiating between disorders of access and storage. These phenomena are empirically strong and clear-cut. Indeed we will argue that they might provide, if not a fully worked out theory, at least the constraints for developing a more fully specified theoretical framework for understanding the organization and operation of semantic memory.
Subjects

Degenerative cases
Patients attending a special clinic for degenerative conditions are routinely referred to the Psychology Department for a comprehensive neuropsychological assessment. Although many of these patients have global cognitive impairments, in a few cases they may present with a discrepancy between their verbal and nonverbal skills. Four patients with selectively impaired verbal skills were identified and available to take part in this series of experiments.
Case SI Mr W.E. a 67-year-old retired businessman was referred to Dr Rossor in July 1992 for investigation of his cognitive difficulties. There was a 3-year history of language and memory problems. Other than the cognitive impairments described below, there were no neurological signs of note. The MR1 scan demonstrated focal left hemisphere atrophy (see Fig. 1 ). The clinical diagnosis was probable Pick's disease.
W.E. was first assessed on the Wechsler Adult Intelligence Scale-Revised (WAIS-R) in July 1992. At that time he obtained an average verbal IQ of 103 and a high average performance IQ of 112. His reading IQ equivalent on the National Adult Reading Test (NART) was average (28 out of 50 correct). His recognition memory for both verbal and visual material was very impaired [Recognition Memory Test-Warrington, 1984] . His verbal comprehension and word retrieval skills were very impaired and he failed to score on the Graded Naming Test (McKenna and Warrington, 1980) . A neuropsychological assessment was repeated in December 1992 and again in September 1993 (see Table 1 ). Although still able to function at an above average level on nonverbal tasks, his verbal skills were globally affected and his word comprehension and word retrieval skills were profoundly impaired.
Case S2
Mrs R.L. was a 59-year-old teacher who was first referred to Dr Rossor with a 4-year history of forgetfulness, especially for names of places and people. Neurological examination was entirely normal except for the cognitive deficits described below. The MRI scan showed atrophy of the left temporal lobe (see Fig. 1 ). The clinical diagnosis was probable Pick's disease. R.L. was first assessed on the WAIS-R in September 1992 when she obtained a verbal IQ of 97 and a performance IQ of 95. Her reading IQ equivalent on the NART was at a high average level (32 out of 50 correct). Her recognition memory for both verbal and visual material was impaired. The most notable feature at this time was a grave nominal dysphasia. She failed to name any item from the Graded Naming Test and only 10 out of 30 of the Oldfield pictures. The investigations of her word comprehension began nearly 1 year later, in May 1993. A formal neuropsychological assessment was repeated at this time (see Table 1 ). There had been little change in her cognitive status during this period. As previously, the most notable feature was her grave word comprehension difficulties (sparing abstract words) and her very marked nominal dysphasia.
Case S3
Mr S.M. a 58-year-old right-handed educator was referred to Dr Rossor in July 1993 for investigation of increasing memory and language difficulties over a 4-year period. Other than the cognitive difficulties described below his neurological system was entirely normal. The MRI scan demonstrated focal left temporal atrophy (see Fig. 1 ). The clinical diagnosis was probable Pick's disease.
S.M. was first assessed on the WAIS-R in July 1993 when he obtained a verbal IQ of 76 and a performance IQ of 87. His reading IQ equivalent on the NART was defective (five out of 50 correct). His recognition memory for verbal material was impaired (recognition memory-words 28 out of 50); however, his recognition memory for visual material was average (recognition memory-faces 43 out of 50). At this time his language skills were globally impaired. In addition to a profound nominal dysphasia (Graded Naming Test zero out of 30, Oldfield four out of 30) he was dyslexic and dysgraphic. The investigations of his word comprehension skills began in October 1993 and at this time a formal neuropsychological assessment was repeated (see Table 1 ). His verbal IQ has remained static, whereas there was some improvement in his performance IQ which was attributed to a practice effect. He was now virtually unable to name to confrontation and this naming deficit appeared to be underpinned by a profound comprehension deficit.
Case S4
Mr T.M. a 58-year-old business man was referred to Dr Morgan-Hughes in January 1993 with an 18-month history of progressive memory and language decline. Neurological examination was normal except for the cognitive deficits described below. The EEG examination was within normal limits. The CT scan showed mild generalized cerebral and cerebellar involutional changes, together with more severe atrophy of the left temporal lobe (see Fig. 1 ). The clinical diagnosis was probable Pick's disease.
T.M. was first assessed on the WAIS-R in January 1993 when he obtained a verbal IQ of 89 and a performance IQ of 101. At this time his reading was mildly impaired (NART score 15 correct) and could not therefore be used to estimate his optimum level. His recognition memory for words was significantly impaired (17 out of 25), although his recognition memory for faces was at an average level (short version of Recognition Memory Test; E. Warrington, unpublished results)^ His spelling and arithmetic were also weak. His word comprehension and word retrieval skills were seriously impaired.
He was only able to name nine out of 30 items from the Oldfield naming test and he scored below the fifth percentile on a synonym test of comprehension (E. Warrington, unpublished results). The investigations of his word comprehension impairment began 15 months later in March 1994 when a formal neuropsychological assessment was repeated (see Table 1 ). There had been further decline in his verbal skills during this period although his nonverbal cognitive skills had remained static at an average level
Summary
The clinical histories of these four patients were very similar indeed. An early feature was word retrieval difficulties in the context of fluent speech. Formal neuropsychological assessment confirmed that the impairment of word retrieval, and in addition word comprehension deficits were a prominent feature. The series of experiments reported here were completed during three or four sessions over a 1-2 month period.
Access dysphasic cases
Previously, access dysphasia has been identified on the basis of clinical criteria, the core feature being a severe word comprehension deficit which was described as inconsistent and deteriorating with repeated testing.
Two such 'access dysphasic' patients were identified by these criteria and available to take part in this series of experiments.
Case Al
Mr M.H., a businessman and company director was admitted to the West Middlesex Hospital after a left-sided cerebrovascular accident on November 29, 1992, which resulted in a dense right hemiplegia and a dysphasia. During the early recovery period he sustained a myocardial infarction. He was transferred to the Regional Rehabilitation Unit for intensive physiotherapy and speech therapy. On examination he was densely hemiplegic (though mobile in a wheelchair) and globally dysphasic. A CT scan demonstrated a large area of infarction in the territory of the left middle cerebral artery (see Fig. 1 ).
He had no useful language production. More striking was his failure to comprehend spoken and written language even at the single word level. He was unable to attempt any of the verbal subtests of the WAIS-R. On a shortened form of the performance scale he obtained a performance IQ of 86. On a recognition memory test for faces he obtained an average score (44 out of 50). His performance on the Test for the Reception of Grammar (Bishop, 1982) was very poor and the task was abandoned. He was unable to read or write. On the British Picture Vocabulary Scale (Dunn et al., 1982) he scored 26 correct on the first 50 items. His performance was very erratic and not obviously related to word frequency.
Case A2
Mr R. S. a 64-year-old painter-decorator was admitted to the National Hospital for Neurology and Neurosurgery in January 1994 under the care of Professor M. Ron. He had been treated for depression for the last 3 years. Six weeks earlier there was a sudden deterioration in his mental status; he became confused and his speech became impaired. On examination, in addition to his cognitive deficits, there was a right homonymous hemianopia. He had a global dysphasia and his comprehension was very limited. An MRI scan showed a multifocal intrinsic cerebral tumour in the left parietal white matter and in the left posterior temporal lobe occipital lobe and splenium of the corpus callosum. At biopsy a grade IV malignant astrocytoma was demonstrated (see Fig. 1 ).
A formal neuropsychological assessment was carried out on January 26, 1994. He obtained a verbal IQ of 67 and a performance IQ of 76 on the WAIS-R. On Raven's Coloured Matrices he obtained a good average score (28 out of 36). On an easy three-choice recognition memory test for pictures he scored 30 out of 30. He had global language difficulties. Although normally articulated, his expressive language was sparse; he had profound naming difficulties, scoring only one out of 30 on the Oldfield naming test. He was unable to read any words from the NART, he could spell only two words from the Schonell graded spelling test. On informal one word-picture matching tests his performance was very inconsistent and especially poor for a second or third presentation of the same item.
General procedures
In all the following experiments, residual comprehension skills were assessed using matching to sample techniques. Patients were required to match either a spoken word or a picture to a stimulus item in an array displayed on a desk. The arrays comprised four, five and six stimulus items and each stimulus item was probed three times.
The response-stimulus interval was strictly timed and, unless otherwise stated, a 1 -s rate was adopted. It should be noted that the patient was under no pressure to respond at speed; 'rate' of successive stimuli was determined entirely from the time a response had been made.
Experiment 1: picture-picture matching
Our aim in the following series of experiments was to compare patterns of verbal comprehension deficits in patients with cortical degenerative conditions with those with an access dysphasia, using word-picture matching tests. The main criteria for inclusion in these experiments was the identification of a verbal comprehension deficit in a patient whose nonverbal skills were relatively intact. First it was considered necessary to establish that visual processing was sufficiently intact to use word-picture matching tests to assess verbal comprehension.
Procedure
The picture-picture matching test described by Cipolotti and Warrington (1995) was administered. The stimuli consisted of 25 pairs of pictures of objects and 25 pairs of pictures of animals. For each object and for each animal there were two visually different representations. The stimuli were arranged in 10 five-item arrays of semantically similar items. The patients were required to match each picture with its 'pair' in the array. Each item in each array was probed three times.
Results
The number and percentage correct for each category of stimulus for each patients is given in Table 2 . The performance of all the four 'degenerative patients' (Cases SI, S2, S3 and S4), and the two 'access patients' (Cases Al and A2) is fairly intact (and we will refer to these two types of patients, thus, throughout). Furthermore, there is little suggestion that the patients with degenerative conditions are less intact on this task than the patients with access dysphasia.
Comment
The very satisfactory performance of our two types of patient on this visual-visual matching test indicates that their identification of pictorial stimuli was adequate for the wordpicture matching procedures adopted in this series of experiments. We are satisfied that this test was a fairly stringent test of the integrity of our patients' processing in the visual domain. Indeed, one further degenerative patient with comparable poor verbal skills to that of the patients reported in this series of experiments, showed a clear category effect on this task (objects 85% correct, animals 50%); and was therefore not included in this study.
Experiment 2: spoken word-picture matching (the effect of rate of presentation, semantic relatedness and word frequency)
It has been reported that in patients with an access dysphasia, there are effects of rate of presentation and semantic relatedness and no effects of word frequency. Our aim was, first, to replicate these effects in the two access patients and, secondly, to compare their pattern of performance with that of the degenerative patients. These three effects were assessed in the context of three major semantic categories: objects, animals and foods.
Procedure
This word-picture matching test described in detail by Cipolotti and Warrington (1995) consists of coloured pictures of 16 objects, 16 animals and 16 foods. These were arranged within categories in four sets of four-item arrays. For each category there was an array of high frequency words and an array of low frequency words. For each level of frequency there was a semantically closely related array and a semantically distant array, that did not cross a major category boundary. Thus there were four types of array for each of the three categories {see Appendix). Each array was tested both at a slow presentation rate (response-stimulus interval = 15 s) and at a fast presentation rate (response-stimulus interval = 1 s). Each item in each array was probed three times at each rate. The 12 arrays were tested in a predetermined order such that the slow and the fast rate alternated, successive arrays differed in category, frequency and semantic relatedness.
Results
The number and percentage correct for each rate of presentation (summing across category, levels of frequency and semantic relatedness) for each patient are given in Table 3 . For the four degenerative patients, there was a significant impairment at both rates of presentation but the effect of rate per se was negligible. By contrast, for the two access patients there was a significant effect of rate of presentation. Indeed there was a very clear groups X conditions interaction since there was no overlap in the scores of the two types of patient at either the fast or the slow rate.
The number and percentage correct for each level of frequency (summing across category, rate and semantic relatedness) for each patient is given in Table 4 . The results of the previously reported access dysphasic (H.E.C.) (see Cipolotti and Warrington, 1995) are also included for comparison (see also Tables 5-7 ). There was a massive effect of word frequency in the four degenerative patients. For the access patients, including H.E.C, there was no effect of frequency. Again a groups X conditions interaction has been observed, since the degenerative patients are superior to the access patients with high frequency array, yet score at a very much lower level on the low word frequency arrays. The number and percentage correct for the close and distant arrays (summing across category, rate and frequency) for each patient is given in Table 5 . For three of the four degenerative patients, there were no significant differences between their performance on the close and distant arrays. In the fourth patient a semantic relatedness effect was observed. However, this was only present with the low word frequency arrays. There was a significant effect of semantic relatedness for the access patients.
The number and percentage correct for each category (summing across levels of word frequency, relatedness and rate) for each patient are given in Table 6 . A minor category effect emerged in one of the access patients (A2) and in two of the degenerative patients (SI, S3) (see Table 6 ).
Comment
In the two access patients we have obtained similar results as in the previously reported access dysphasic (H.E.C). Robust effects of presentation rate and semantic relatedness were documented. However, there was no effect of frequency. This pattern of performance stands in contrast to that of the four degenerative patients in whom we have documented the converse effects. In these patients, performance was not sensitive to rate of presentation. The semantic relatedness effect was not observed in three of the four patients and restricted in the fourth case to the low frequency items. However, there was a very striking effect of word frequency. These results cannot be dismissed as a trivial consequence of severity of deficit. The performance of the degenerative patients are both superior and inferior to the access patients depending on word frequency and inferior on the low frequency. It is also quite implausible that these distinctive patterns of performance can be attributed to some complex interaction with category specific effects. In neither group were category effects striking nor was there any hint of ceiling or floor effects restricted to a particular category.
Experiment 3
In Experiment 2 we obtained evidence for two very distinctive patterns of performance in the access patients compared with the degenerative patients. Our aim in this experiment was to replicate the rate of presentation, semantic relatedness and word frequency effects using a different set of stimulus materials.
Procedure
This word-picture matching test described by Cipolotti and Warrington (1995) consists of coloured pictures of 16 objects and 16 foods. These were arranged within categories in four sets of four-item arrays. For each of the two categories there was both a high and a low word frequency array and a semantically close and a semantically distant array. As in Experiment 2 the items in the 'distant' arrays did not cross major category boundaries. Each of the four possible combinations (close, high frequency; close, low frequency; distant, high frequency; distant, low frequency) for each category was tested at two presentation rates (reponsestimulus interval = 1 s and 15 s). The eight arrays were tested in a predetermined order such that the fast and slow rates alternated; successive arrays differed in category, frequency level and semantic relatedness. Each stimulus in each array was probed three times in a pseudo-random order.
Results
The number and percentage correct for each rate (summing across categories, frequency and semantic relatedness) for each patient are given in Table 7 . For the four degenerative patients there was no significant effect of rate of presentation. In contrast, the performance of the two access patients was significantly worse with the fast than with the slow presentation rate.
The number and percentage correct for each level of frequency (summing across the two rates, levels of semantic relatedness and categories) for each patient is given in Table 8 . The results of the previously reported access dysphasic patient (H.E.C.) are also included for comparison {see also Tables 9  and 10 ). There was a highly significant effect of word frequency for all the four degenerative patients. In contrast the effect of word frequency was absent in the access patients. There was a significant semantic relatedness effect in access patients. In contrast, there was no semantic relatedness effect in any of the four degenerative patients {see Table 9 ). No category effects were observed in any patient (see Table 10 ).
Comment
This experiment replicates and extends the results of Experiment 2. The degenerative patients were strongly affected by the word frequency manipulation but not by rate of presentation or semantic relatedness. Conversely, the access patients were affected by the rate and the semantic relatedness but not by word frequency. These distinctive patterns cannot be attributed to severity of deficit, since with all four manipulations the performance of the degenerative patients and the access patients overlapped depending on the precise conditions. These are clearly robust and distinctive patterns of performance.
Experiment 4
In Experiments 2 and 3 the absence of (or very weak) effects of semantic relatedness was observed in the degenerative cases. However, it should be noted that the items in the 'close' and 'distant' arrays were not the same. Our aim in this experiment was to assess the semantic relatedness effect more rigorously by probing the same items both in the context of a 'close' and of a 'distant' array using highly familiar stimuli. 
Procedure
The category 'inanimate objects' is very broad indeed. This word-picture matching test described by McCarthy and Warrington (1987) consists of six highly familiar stimuli selected from six subcategories of inanimate objects. These were office stationery, clothes, household utensils, kitchen utensils, furniture and vehicles. The pictures were arranged in six-item arrays. There were a total of 12 arrays, six close arrays in which all items were from the same subcategory and six distant arrays which consisted of one item from each of six subcategories. Each item was probed three times at a standard 1-s rate.
Results
The number and percentage correct score for each type of array for each patient is given in Table 11 . The results of the previously reported access dysphasic (H.E.C.) are included for comparison. The degenerative patients' performance was at ceiling on both the 'close' and the 'distant' arrays. The effect of semantic relatedness was significant for the access Patient Al (Patient A2 was not tested).
Comment
The observation that the access patients' performance was strongly affected by semantic relatedness replicated the findings of Experiments 2 and 3. It is not possible to draw any comparison with the degenerative cases since all four scored at ceiling on this task. Nevertheless, their near perfect scores provide evidence that if the stimuli are highly familiar these degenerative patients can perform at a superior level to the access patients.
Experiment 5
In this series of experiments the effects of semantic relatedness were clear-cut in the access patients, but were not observed, except in the most attenuated form, in the degenerative patients. However, it would be premature to conclude that the degenerative patients are immune to the effects of semantic relatedness. In Experiments 2, 3 and 4 the distant arrays were, in fact, all relatively close insofar as all items shared the same broad superordinate category. Thus, if in the degenerative patients there was only preservation of broad superordinate information of items in these categories, there would be no benefit of distant over close arrays. Our aim in this experiment was to explore a wider range of semantic relatedness than had been achieved in the previous three experiments by crossing category boundaries. The selection of low frequency items would allow a more adequate assessment of semantic relatedness in the degenerative patients whose low word frequency vocabulary was impoverished.
Procedure
This word-picture matching test consists of coloured pictures of nine objects, nine vegetables and nine animals. The same stimuli were arranged within and across categories in three sets of three-item arrays. The within-category arrays were similar (there was some overlap in stimuli) but not identical to the stimuli of distant arrays used in Experiment 2. The across-category arrays consisted of one object, one vegetable and one animal. Thus, there were 18 arrays in all, nine 'distant' and nine 'very distant'. The distant and very distant arrays were alternated and each item was probed three times at a standard 1-s rate.
Results
The number and percentage correct score for each type of array is given in Table 12 . There was a highly significant effect of semantic relatedness in all four degenerative patients. The access patient Al's performance (patient A2 was not tested) on the 'distant' arrays was at a similarly good level as was observed in Experiments 2 and 3. In this experiment with the very distant arrays, both the access patient and degenerative patients with one exception (SI) were close to ceiling.
Comment
In this experiment we have compared performance on distant arrays with very distant arrays. We have now, for the first time in this series of experiments, observed a semantic relatedness effect in the degenerative patients. We will argue (see below) that there is a different basis for the semantic relatedness effects in the two types of patient. In the degenerative cases it is only observed with arrays that cross categories. This suggests that the gain on the very distant arrays can be attributed to the preservation of superordinate information in these patients.
Error analysis
In Experiments 2 and 3, the fast condition summing across categories and frequency yielded a high error rate for both the access and degenerative patients. The data obtained from this condition in these two experiments has been amalgamated and analysed in terms of response consistency and in terms of a serial position effect.
Response consistency
Response consistency across the three probes of each stimulus item was computed (assuming independence over trials) using the binomial expansion to generate the expected distribution for a chance probability of a wrong response given the known probability of a correct response. The observed and expected values of each pattern of correct and incorrect responses for each patient are given in Table 13 . A X 2 test was computed to assess the significance of the difference between the observed and expected values (see Table 13 ). It was found that the distribution of the access patients' responses did not significantly differ from that expected by the binomial expansion indicating a degree of response inconsistency across trials. In contrast, the distribution of the degenerative patients' responses did significantly differ from that expected by the binomial expansion indicating a highly consistent pattern of responding.
Serial position analysis
The number of times the first probe was correct and second probe incorrect and the converse pattern of response, incorrect first probe and correct second probe, were analysed. The number of each pattern of response for each patient is given in Table 13 . The McNemar test was used to assess the significance of these differences. There was no bias in favour of the first or second response for any of the degenerative patients. For one access patient (A2) there was a clear bias in favour of the first response and in the other access patient (Al) this was not observed.
Discussion
Our aim in this series of experiments was to assess the validity of the distinction between 'semantic access' and semantic storage in patients with impairments of word comprehension. Performance of patients with cortical degenerative conditions was compared with the performance of access dysphasics on word-picture matching tasks. Four criteria (rate of presentation, consistency, frequency and semantic relatedness), that are considered to differentiate between access and storage deficits, were investigated. In previous studies, word-picture matching tasks have not been used to assess the comprehension deficits of patients with cortical degenerative conditions. In addition, there are no previous reports in which investigators have assessed access and storage cases using the same stimuli or even the same procedures.
Our findings were consistent and clear-cut. Significant rates of presentation effects were observed in the access patients but not in the degenerative patients (Experiments 2 and 3). By introducing a short interval between the patient's response and the presentation of the next stimulus, the accuracy of the access group increased dramatically. Thus, with a normal presentation rate, the access patients were scoring at a worse level than the degenerative patients, whereas at the slow rate they were scoring at a better level.
Our analysis of consistency also showed differential effects in the two patient groups. Response inconsistency was not demonstrated in the four degenerative cases, nor was there any evidence of a serial position effect. However, response inconsistency was observed in the two access patients and in one of these patients there was also a serial position effect.
Robust frequency effects were observed in the degenerative patients. In contrast, the performance of the access patients was equally compromised for both high and low frequency words (Experiments 2 and 3). Consequently, a paradoxical result emerged. With a high frequency vocabulary, the degenerative cases were at ceiling, whereas the access patients had a significant deficit. With the low frequency vocabulary the performance of the degenerative cases plummeted to a level inferior to that of the access patients.
Semantic relatedness within a category had a strong deleterious effect for the access patients (Experiments 2 and 3). However, this effect was only present in one of the degenerative patients in one of the two experiments. However, when the semantic distance was increased to cross category boundaries (Experiment 5), a different pattern of performance emerged. In this condition, all four degenerative patients showed a massive effect of semantic relatedness.
These qualitatively different patterns of performance cannot be attributed to differences in the severity of the word comprehension impairment in access and degenerative patients. It was the testing conditions themselves which determined their pattern of performance.
Thus, we conclude that these four criteria held to differentiate between deficits of semantic access and semantic storage are borne out in the comparison of word comprehension in patients with cortical degenerative conditions and those with an access dysphasia. The effects of presentation rate, consistency, frequency, and semantic relatedness produced clear-cut contrasts in the two patient groups. We would, therefore, argue that the empirical basis of the accessstorage distinction is robust and that contrary to Rapp and Caramazza's (1993) position, these patterns of performance are indeed phenomena in search of an explanation.
We have previously articulated a unitary account that provides a basis for interpreting the observed effects of these four variables in the syndrome of access dysphasia (Cipolotti and Warrington, 1995) . Following Warrington and McCarthy (1987) we put forward the concept of refractoriness. By refractoriness we assume that following activation, there is a delay in the return to a 'ready' state of the semantic representations underpinning the meaning of a word. This refractoriness is assumed to be temporary and perhaps even sporadic, and will result in the reduction of the efficiency of the system for some time following activation. The effect of rate of presentation is clearly central to this account. At slower presentation rates there would be a greater probability that the activation levels would have returned to a 'ready state'. Subsequent presentation of the same stimuli would result in a further delay of the return of the semantic representations to their 'ready state', hence the possibility of a serial position effect. Such delayed return to a 'ready state' would be independent of the frequency or familiarity of the semantic representations, hence the lack of a frequency effect. Assuming that semantically related words share semantic 'space', then the deleterious effect of the activation of particular representations would appear to extend to semantically close words, hence the semantic relatedness effect.
Similarly we would wish to propose a tentative unitary account of the effects of these four variables in our cortical degenerative patients. We would suggest that these patients have suffered a storage impairment such that the semantic representations themselves are lost or degraded rather than being in a refractory state. If the stored representations themselves are damaged or lost there could obviously be no gain with a slower presentation rate. Similarly, if the stored representations themselves are damaged or lost, the probability of a correct response would be independent of the number of preceding trials. Thus, performance would not be characterized by inconsistency by a serial position effect.
Although the psychological basis of frequency or familiarity is ill understood, it is a significant factor for many cognitive functions (Schuell et al., 1961; Oldfield and Wingfield, 1965; Poeck and Stachowiak, 1975) . This is observed in both normal experimental studies and in neuropsychological investigations. Such frequency effects are often conceptualized in abstract terms of increased 'trace strength' or 'greater redundancy'. There are some hints that there may be more cells underpinning frequent than infrequent stimuli. For example, in the domain of face perception, it has been reported that there are more cells optimally tuned to the characteristic front view of the head than the back view (Perretef al., 1991) . Thus, in a system that is deteriorating, the observation of strong word frequency effects would not be unexpected.
In three of the four degenerative patients, a semantic relatedness effect was only observed when semantically very distant arrays crossing major category boundaries were compared with within-category arrays. Here we would assume that semantic knowledge loss is not all or none, but rather that some partial knowledge of a concept may be retained. It has been shown previously that superordinate knowledge is less vulnerable to degradation than subordinate knowledge (e.g. Warrington, 1975; Chertkow and Bub, 1990; Hodges etai, 1992a Hodges etai, , b, 1994 . Therefore, in the arrays that comprised across-category items, superordinate knowledge would increase the probability of a correct response The fourth patient is of some interest in so far as his performance on the within-category arrays was sensitive to the close and distant dimension and this effect interacted with frequency (at least in one experiment). This, we argue, provides some evidence that the superordinate/subordinate distinction is not a firm dichotomy but depending on the degree of degradation of the semantic system, a gradation of superordinate information will be observed. Thus, the lower the item frequency, the greater the semantic distance that will be necessary for a given probability of a correct response.
To summarize, we propose that there can be two sources of damage to the stored semantic representations underpinning a word. In the one case, the semantic representations are in a refractory state. In the other, there has been loss or degradation of the semantic representations themselves. In this context we wish to introduce a caveat. The observations that not all patients with impairments of word comprehension do not conform exactly to one or other pattern, present no problem for our account. Indeed, it is more likely that the majority of cases (other than cortical degenerative conditions) could be expected to have sustained damage that causes both degradation and refractoriness of the semantic representations. If this formulation is correct then the two types of deficit 'storage' and 'access' reflect the two types of structural damage sustained by the semantic representation. Hitherto it has been supposed that storage and access deficits reflect two facets of the semantic system, the procedures of accessing the semantic representations and the storage of semantic representations (Warrington and Shallice, 1979; Shallice, 1988; Rapp and Caramazza, 1993) . Indeed, the fact that the degenerative cases are so immune to semantic relatedness effects with high frequency items and the access cases so immune to the effects of frequency, suggests that we are observing the effects of two different sources of structural damage to the semantic system. Thus, it would seem more appropriate to capture this distinction by the terms 'refractoriness' and 'storage'. The extent to which this distinction can be applied to other subcomponents of the language system such as word retrieval and word production is an open empirical question.
We now wish to consider briefly the possible aetiology of these two types of impairment in neurophysiological terms. First, it should be noted that storage deficits have been reported not only in the type of degenerative condition investigated here but also in patients with a herpes simplex encephalitis. Similarly, access deficits have been observed in patients with cerebrovascular disease and in tumour cases. We would speculate that a critical distinction could tentatively be drawn between a reduction of neuronal conductivity and the damage or loss of neural structures themselves.
At the physiological level, activity in the broadest sensethe passage of action potentials and the release of transmitters-is an energy dependent process. Energy failure due to anoxia will impair the maintenance of the neuron's membrane potential resulting in a number of possible conduction abnormalities, depending upon the severity and duration of the insult. This could include an increase in the period when the neuron is refractory to transmission of an impulse or release of neurotransmitter. The psychological refractory data described here could be captured in this physiological refractory period. Presumably it would be in vascular and tumour cases, in which there may be a penumbra of dysfunction in the region of damage, that a refractory pattern of impairment would be observed. In contrast, a storage disorder would not be captured by a neurophysiological deficit that impaired conductivity. It would rather be characterized by structural neuronal damage either acquired or genetically determined. Presumably it would be necessary to damage an entire class of neurons, an event most likely with genetic and degenerative disorders rather than vascular disease and neoplasms. This, we assume, would destroy the substrata of the semantic representations and be reflected in the storage pattern of impairment.
It is beyond the scope of this paper to embark on a detailed examination of models of the organization and operation of semantic systems. However, it is clear that these two syndromes offer the potential to investigate organization of the stored semantic representations. Focusing on the phenomenon of partial knowledge observed in the degenerative cases could provide a means of testing theories of the architecture of semantic representations. In particular, it should be possible to pit 'feature' models (e.g. Smith et al., 1974) against the 'tree' models (e.g. Collins and Quinlan, 1970) which are, at present, without an adequate empirical test. Exploration of the semantic relatedness phenomenon observed in the access cases could provide more fine grain evidence of the organization of the semantic representations. These effects at present point to a strict categorical organization of the system. We would also suggest that further investigation of the interaction of frequency with the partial knowledge and the semantic relatedness phenomena would yield some testable hypotheses. Meanwhile, the data we have presented serves to constrain certain models of semantic knowledge systems and must, at any rate, be taken into account in any formulation of their organization and operation. We would wish to harness our observations to temper ad hoc speculations (Rapp and Caramazza, 1993) and to suggest hypotheses that could be put to the test.
Finally, we would suggest that refractory and storage impairments have significant diagnostic and therapeutic implications. First, considering the diagnostic issues, we would predict that patients whose word comprehension performance is characterized by a rate of presentation effect would be more likely to have vascular or space occupying lesions. Further, we would predict that the rate effect would not occur in patients with pure cortical degenerative conditions. Secondly, considering the therapeutic issues we would claim that for patients with a refractory impairment, contrary to most treatment procedures and indeed common sense, it would appear that repetition of an item is not beneficial. Indeed it may even be deleterious if the repetition is too frequent. Rather than focus on a small vocabulary which might cause serious refractoriness, a wide vocabulary might be more advantageous for these patients.
In conclusion, in this study we have achieved full empirical substantiation for the distinction between refractory and storage impairments. We have argued that such a distinction is clear-cut and may provide constraints for models describing the architecture of the semantic system. We have also suggested that such a distinction, which has diagnostic and therapeutic implications, might be underpinned by two types of damage at a neurophysiological level. 
Appendix: Experiment 2
